Abstract. Children with traditionally defined cerebral malaria (CM) can be subcategorized by the presence or absence of malaria retinopathy. We retrospectively reviewed the seasonal pattern of retinopathy status in patients admitted with CM in Blantyre, Malawi from 1997 to 2010. The proportion of children with CM who were retinopathypositive was significantly greater during the peak seasonal rains when the community incidence of uncomplicated malaria is higher. This finding supports the hypothesis that retinopathy-negative and retinopathy-positive CM categories have different underlying etiologies.
INTRODUCTION
Cerebral malaria (CM) is defined by the World Health Organization (WHO) as an otherwise unexplained coma in a person with malarial parasitemia. 1 Although five malaria parasite species are infective for humans, Plasmodium falciparum is responsible for the large majority of CM cases. CM is a common disorder in the developing world, and at least 575,000 cases occur worldwide annually. 2 Most individuals affected are children less than 5 years old living in subSaharan Africa. 3 Even with optimal treatment, 15-25% of these children die. 4 Of the survivors, 30% are left with neurologic sequelae, including developmental disabilities, behavioral abnormalities, and epilepsy. 5, 6 In areas of high malaria transmission, asymptomatic parasitemia is common. Up to 50% of the population may harbor circulating parasites but have no symptoms of disease. 7 Therefore, febrile children with asymptomatic parasitemia who have lapsed into abnormal consciousness because of an etiology other than malaria and have an underlying etiology for coma that cannot be ascertained with available diagnostic resources will fulfill diagnostic criteria for CM. Sequestration of parasitized erythrocytes in the cerebral vasculature is thought to be a key diagnostic autopsy finding for CM. A clinical autopsy study revealed that 23% of children who fulfilled diagnostic criteria for CM lacked autopsy evidence of P. falciparum sequestration. 8 In this study, patients who lacked evidence of typical CM neuropathology had other identifiable causes of death, including Reye syndrome and severe pneumonia.
In 1993, a malaria retinopathy was described, 9 and later was well-characterized. 10 In an autopsy case series, the value of these clinical findings became clear. In that study, the presence of malaria retinopathy was found to be 95% sensitive and 100% specific for predicting the presence of sequestered parasitized erythrocytes on cerebral pathology. 11 Up to one-third of patients who fulfill WHO case criteria for CM are retinopathy-negative, and it seems likely that these patients have a coma etiology other than malaria. 12 If acute infection with the malaria parasite is not responsible for the coma in retinopathy-negative patients and the underlying cause or causes of these children's comas stays constant in prevalence (is less impacted by rainfall) throughout the calendar year, one would expect the ratio of retinopathy-positive to retinopathy-negative patients to vary seasonally, with retinopathy-positive patients dominating during the high malaria transmission season. In Malawi, uncomplicated malaria usually peaks yearly in January or February, coinciding with the rainy season, and the incidence of malaria infection decreases rapidly as the rains abate ( Figure 1 ).
We conducted a secondary analysis using data collected during an ongoing study of malaria pathogenesis. Patients included in this analysis were enrolled between January and June each year from 1997 and 2010. We compared the seasonal disease proportions between retinopathy-positive and retinopathy-negative CM patients to test the hypothesis that acute P. falciparum infection is not associated with the retinopathy-negative CM syndrome.
PATIENTS
We identified cases of retinopathy-positive and retinopathynegative CM from children admitted between January and June from 1997 to 2010 to the Pediatric Research Ward at Queen Elizabeth Central Hospital, a tertiary referral center located in Blantyre, Malawi. The Pediatric Research Ward is a section of the pediatric department specially suited for investigations and intensive care required for comatose children. Enrollment in this observational study required explicit written consent from the child's caregiver. The parent study was approved by the University of Malawi College of Medicine Research Ethics Committee and Michigan State University's Biomedical Institutional Review Board.
Children with a clinical diagnosis of CM (Blantyre coma score [BCS] 2, P. falciparum asexual parasites on thick blood film, and no other clear explanation for their abnormal level of consciousness) were included. On admission, informed consent from a parent or guardian was obtained. Within 6 hours of admission, ophthalmoscopy (direct and indirect) was performed by a trained ophthalmologist to determine malaria retinopathy status. Malarial retinopathy was defined as the 
STATISTICAL METHODS
To evaluate the seasonal distribution of retinopathy cases, we calculated the proportion of retinopathy-negative CM cases of the total number of CM cases admitted during each calendar month and compared the proportion in January with each individual month from February to June. Statistical significance of the changes in the odds of retinopathy-negative admissions over months and years was assessed by likelihood ratio tests in logistic regression models including indicator variables for months and years.
A P value less than 0.05 was considered evidence of a significant difference between retinopathy groups. Analysis was performed using S-plus 8.0 (Insightful, Seattle, WA) software.
A total of 2,291 children with a clinical diagnosis of CM were admitted during this time period. Of these children, 1,728 children had determination of retinopathy status. Children who were admitted when an ophthalmologist was not available did not have retinopathy status assessed. Of the 1,728 children with known retinopathy status, 1,056 (61.1%) were malaria retinopathy-positive. The proportion of children with CM who were retinopathy-positive varied throughout the malaria season in parallel with fluctuations of the number of patients presenting with uncomplicated malaria at Queen Elizabeth Central Hospital. When data were combined across calendar years, the proportion of total CM cases that were retinopathy-negative varied significantly between the beginning of the rainy season (January) and its end (June) (P = 0.03) (Figure 2) .
At the time of year when the incidence of malaria is highest in the community, the proportion of total CM cases that are retinopathy-positive is also at its highest. In contrast, in most years, the annual peak in systemic malaria seen in Malawi is not reflected in a peak in retinopathy-negative CM cases ( Figure 3) .
Our findings lend support to the hypothesis that the clinical syndrome of retinopathy-negative CM is unlikely to be associated with acute infection with the malaria parasite. These findings are congruent with data from autopsy studies that show that children dying with retinopathy-negative CM lack cerebral malaria parasite sequestration and have other severe non-malarial illnesses at the time of death. 8 Alternatively, the retinopathy-negative CM syndrome could be caused by acute malaria infection with a cofactor (perhaps coinfection) varying seasonally. Additional studies to explore this possibility are warranted.
The half-yearly fluctuation in the proportion of retinopathypositive CM mirrors the fluctuating incidence pattern seen in uncomplicated malarial illness. This finding reflects the clear increase of malaria transmission intensity that occurs in Malawi in the rainy season. At the time of year when the incidence of malaria is highest in the community, the incidence of retinopathypositive CM is also at its highest. In contrast, in most years, the annual peak in uncomplicated malaria seen in Malawi is not reflected in a peak in retinopathy-negative CM cases. The proportion of CM patients who were retinopathy-negative increased later in the malaria transmission season.
A limitation of this retrospective study is that patients were recruited for the parent study only during the peak malaria transmission season (January to June each year), and therefore, extrapolation to the remainder of the year is not possible.
We have presented temporal disease pattern evidence supporting the hypothesis that the comas associated with retinopathy-positive and retinopathy-negative CM have different etiologies. The seasonal differences in the proportion of total CM cases that are retinopathy-negative versus retinopathypositive suggest that the etiologies underlying the retinopathynegative CM syndrome are distinct from acute severe malaria, the etiology of retinopathy-positive CM.
